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Introduction

T'he history and rationale for the construction of meson
tfactories is described in the excellent paper' cf E. G.
Michaelis presented during the 1975 conference of this

series, Following his lead we define meson factories as ac-

ceierator facilities designed to produce 100 uA or more of
proton current with an energy of 500 to 800 MeV.
T'he purpose of these facilities has heen to provide large

fluxes of pions and muons so that detailed and precise -

measurements of meson characteristics and meson in-
teractions could be made. Such experiments are impor-
tant in many f{ields of resear~h 2nd may wull be of interest
for various "practical” problems. Such accelerators are for-
nuduble undertakings; for example, the design currents
tor the existing machines imply heam powers of 50 to 800
kW and the associated very high levels of induced radioac-
tivity.

T'he purpose of this paper is to compare the present level
of performance of the existing machines. A preliminary
section gives A brief description of the three meson fac-
tories in operation, Following the comparison of the ex-
isting machines the new Russian meson factory now under
construction is briefly described,

Meson Factories in Operation

The Los Alamos Meson Physics Facility**? (LAMPE)
was the Tirst of the three operational meson factories to
reach full energy in June 1972; by early 10974 a large ex-
perimental program was usiug the new facility. The first
half of 1975 was used to meke some needed changes in the
aceetemators o loweenrrent experimental progriun <tarted
daain m the tall of 197, The high-enrrent exprorimental
arens were subatantially modified and upgraded during
197H and carly 1076; hy spring 1976 the entire tacility was
back in operation,

The machine is n linear aceelerator with a length of KO0
m. Protons are injected a2t TH0 keV, accelerated to 100
MeVin a dritt-tube neceleratos, and then to the maximum
eneegy of 800 NeV in a side-coupled accelerator, H* and
I.  beams are aeceleruted simultaneously, The ovtput
cnergy is continuously variable from 100 to 300 MeV but
routine operation is nearly always nt the highest possible
cuerpy in order to maximize meson production, ‘The
macroscopic beam duty factor is 68%. The experimental
arens are extenyive and designed to neccommodate as many
simultaneous vhers as possible, An overadl view of the
LANPEF faciliny is piven in Fig, U and o oor plan of the ex-
prrimental area is given in Fig, 2

“Wark prrlnrlnl'illuull(.h'r the ausp ed of the US, Hesenrch and
Development Adiministration.
*Located it Lo Alanes, New Mexico, UUS.A

The Schweizerisches Institute fir Nuklenrforschung
(SIN)* machine® first reached its full energy of 583 MeV
in January 1974 with an extensive »xperitaental program
starting in the spring of 1975. The Ffacility has not re.
quired any lengthy shutdown since startup; instead. thev
have continued to upgrade the facility by judicious use of
short (two- ta three-months) shutdowns. By late 1976 this
machine was operating routinely at currenta up to 50 uA.

The SIN machine is a combination of two isochronous
cyclotrons. The low-energy cyclotron (72 MaV) is sector
focused and uses either an invernal or external ivn source.
This low-energy machine is used for low-energy research
or as an injector to a rHng cyclotron formed of eirht
separate sector magnets and four separate rf cavities, ‘The
maximurn orbiv radius in the injector cyclotron is 103 ¢m
and in the ring cyclotran i3 445 em. The macroscopic heum
duty factor is 100%. The experimental areas are imn-
niediately adjacent to th: cyclotrons and the design wvas
mide to optimize the number of simultaneous users. A
floor plan of the facility showing the accelerator and the
experimental area is shown in Fig. 3.

The third muchine is TRIUMF**** which is the ineson
facility of the University of Alberta, Simon Fraser Univer-
sity, University of Victoria, and the University of British
Columbia. This machine firat reached the design energy of
50 MeV in December 1974, The experimentual program
was started in the early spring of 1975, In late fall of 1975
dilficulty wus encountered with some of the rf resonator
hardware but by Fehruary 1976 the machine showed a
high level of success.

The TRIUMF machine is a sector-focused isochronous
cyvclotron using H - atoms, 'The H  beam is extracted by
stripning to H* with n suitable foil placed at the an.
propeiare radivs in the evelotron, this technique provides
acontinnousky variable output energy as weli as the option
of simultaneously extracting two beams at different
energies, The use of the H - beam requires w large redius
(7.8 mat 500 MeV) to avoid stripping by elsctromagnetic
torces: further, o very good sacuum is required to avond
collisional stripping. Figuee 4 shows the general layout ot
the TRIUMF fucility. During 1977 they plan to increase
the experimental area shielding so that it will be adequate
for 10-uA routine operation: an improvad beam dump,
new neatron lines and other experimental nrea improve.
ments will also be wmaode,

Compurison of Existing DMeson Factorles

[ any compitrison of these facilities one must keep in
mind that they are all relatively new and still in the

*At Villigen near Zurich, Switzorlal
oo At Vaacowver, Britsh Colambia, Canada
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Fig. 1.
Acrial view o} the Clinton P. Anderson Meson Physics Faciliey ({LAMPF).
building in the foregraound to the beam stop is 1.1 km. There are three separate injectors (1, H and
polarized H"). The drift tube linac has an output energy of 10} Me\" and the side-coupled linae an

The distanee from the office

energy of 800 MeV.

developmental stage. The general approach at all of the
facilities iy been to fimt achieve a full-energy heam,
nest, start an experimental pregram at <ome low-cnarrent
level, aatd taen develop in parailel the capabilitios of the
necelerator, the experimental facility and the experimen-
tal program. A« vet, none of the machines hus reached its
tlesign goals for routine operation. The progress at all of
the tncilities has been good and the rate has probably been
more strongly governed by funding than by extremely dif-
(icult technical problems.

The first comparison to muke is the proton current
available at the present fucilities which is shown in Table
I Tn all cases the muaximum test cutrent hus been at tull
cnerpey with beam transported to the normal beawm dump,
luble Telearly shows that both SIN and LAMPF ore high.
current facilities now (e, meson fictories) and they
shoul'l be joined by "TRIUMUE within the vear. At SIN
there is o lopg-range study to investigate the feasibility of
operating at cureents greater than 100 A,

A major consideration in the design of most experi
ments usingg these fucilities is the maceoscopic duty factor
and et structuee of the proton beam, This information i
given inYuble I For most eleetronic experiments o Yarge

duty-fuctor machine is an advantage: this problem is
more important than anticiputed by some o decade apo
sinee vleerronic teselving times have not imnroved o,
much s expectod. Yet, experiments with special
backypronnd problems like some neutrino experiments nre
nasier nt the lower duty factors; ns described later i this
paper the Russian machine will apparently emphasize
this type of experiment since their design duty factor is
1%.

TABLE I

PROTON CURRENT
LAMPE SIN CTRIUVME

Dieign Ceresr t (A Hitd 100 100 (et Moy
A \Me\)

Rouhine Ot v ip\) 10 4710 1t
fene!v 1'% 0

Eapnatod Btines Operstien Juo 70 1y
aAY Gy Yiiw

Muowirrvim et Carrent () A0 12 4]
Gotely 1907)

Mavirimon energy (Mab) an (L)) N
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The LAMPF experimental areu. The H  beam,

serves areas BB and C. The I1° heam passes theough

targets A-1, A-2, A-5 and the isotape production facility to the A-6 beam stop. Line [ uses the H* beain

an a time-shared basts,

An essential element in the design of all of these meson
tavtories has been the need to maximize the nuraber of
simultaneons usery of the facility. The initial impetus tor
this duesign constraint is tae cost of vperating any of the
tacilities which might well be deemed excessive it only a
single cxperiment could be served at one dme. The surcess
of the designers in achieving high multiple use has been
governed by @ combination of technical problems and
available construetion funds, For example, a high-curtent
target cell serving two or more beam lines with the ap-
Brnpeate teanenert Lo i ceconstitute the beam atter
Forate . bl adegiate Suelding, radiation aeaeneed
cquipment, remote manipulator access and so on is acdif

TABLY 11
DUTY FACTOR

LAMPF SEN TRIUMF
Macrasconic Duty (%" 100% 100%
Factor (%)
Pulse Length (uxs) H00
Microscopic Pulse <y ({Rg 1.0
Length (ns)
Microscopie Beam 201,200 0.6 AN

Fregreney (MHz)

& The plan o merense the LAMPE duty Tactor to 10% b been
wadenmitely postponed due to ba lgetaes hmitatiors

tieuit engineering/applied physics problem as well as a
very costly venture, The present level of developuent is
suown in Table (i1 TRIUNFE will be making some major
revisions to their beam stop and experimental area in
1977 after thes» are completed the number of
simultaneous users will increase 1o approximately 1V.

Frotn the vantage point of the user the heam
availability and scheduled hours of beam per year are very
important measures of the utility of the facility for cx-
perimental work, Apain, the values attained in practice
are sorte complivited function of availabie funds,
Peoehonpemte e o aned the Loneuni o ofiort previcusiy
expended on technieal problems. Table 1V suinmarizes
the present situation.

Fram the point-of-view ol the accelerntor desiymee the
transiissivn  througr the machine is an impurtant

parameter. Transmizsion is obviously some :neasure of

overall accelorator pecformuince; for high-current
wachines transmission must b« continually monitored
TARLE I
EXPERIMUNTAL AREA USE

No. of Experiments
Simultuneously

Reeviving Beam LAMPF SIN  TRIUMF
Makimum 11 12 5
Typical {tl 10 3




Fie. 3.
SIN Experimental Hall, loar plan 1976 with shielding. [ injector cxclotron; R -ing exclotron; NE A and
B low rnergv experimental areas: M thin, E thick ineson praduction targets: =M ! high resolution pion
beam with w-spectrometer; x M.l pion beam, pMi heam line for scattered (polarized protons: TE1 pion
beam with pair-spectromete=; tE2 short supercond. u-charnel; zE1 bin-medical zbeam: ukl, pE2,
ﬁ E3 u-beams from 8 m suprrcord. u-channel; nEl, neutron bam; (nE?2, direction of second neutrn
cam).

and kept within allowable bounds throughout production
perinda. At LAMPF and $IN it was assumed that tran-
smission could he controlled well encugh =0 that ac-
celerator maintenance could be done either "hands un” as
with local shielding and very simple forms of remote
mainipulators. ‘I'ransmission at LAMPF and SIN in the
high-energy portion of the machine (LAMPEF 110 to 800
MeV, SIN 72 to 590 MeV) is hetter than Y9%, At'IRIUVMF
the transmission petween 5 and 500 MeV is 75%. Beam
lusses nt the lower energies are dominated by gnastripping
of the H- ions nnd at the higher enereies electromagnetic

TABLE IV
SCHEDULED BEAM HOURS AND BEAM

AVAILABILITY
LAMPF SIN TIICME

Averaze Buoan Availab ity 82 fre,e i

(1976
Acteirator Jvoam Hoyea [150)] K Wy

Fur Fyprriinental 'mgram:

(1%7%)
Eaptated Accelnrator jham 440 A a0

Houre: fue 2
Poogrars (13,

wental

aHigh enerey operation only

Pl 14970 tue SIN injector eyelor ron was ein anethee 108 houars for
Inw.pnergy research; in 1957 they expeet 1M hours of low-
enerpy aperation,

“Jhi number is the present edtim:te at the redpeetive facilities,

stripping becomes important. Tu decrease gas stripping a
hetter vacuum is needed and for this purpose large liguid
helium-conled cryopumps are being installerd. Frentually
“he TRIVME designers expect a transmission of nppre:x-
inLttely Ri®s,

At all of the facilities rransmission and localized beam
i w are caretuliy monitored hy a variety of current
v.aasuring instruments and radiation cetectors. For hish
£orage-current operation this sort of instrumentation iz
int rlocked into the accelerator control circuitry so that
*% bheam is automatically turned off in case of an unac-
cer hba Dogal of b 1 oss,

" te duminant visual impression in the experimental
arev it cither SIN or LAMPF i the enormous mass of
shicefing. The amount actually requited around a warget
cell = meson production targets of signiticant thickness
(~ 5.0 em?) in in excess of 3 m of steel and pertaps a
metes o conerete. For currents in excess of 10 pA this
shieldi: ¢ s further complicarted by vhe need for wartor
voulinz ty carry olf the heat depmsited in the shielding by
the heaon seattered i the tirget. After o few months of
operation the shielding near the target ia activated at a
high eno izh level so that it must bhe carefully handled
when reroved for maintenance, ‘The shielding desipn
must inteo et strongly with the secondary line design; par-
ticularly in reprd to access for maiutenance of the line,
The penere! seheme at SIN s been to hinve the secondary
lines removable ua o unit vin o railway system; at LAMDPF
access is peovided vin enormous doors which move ~ 10"
tons of shiclling out at o time. Recently, TRIUME has
received suftivient funds to install shielding adequate for
10w opernaon,
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Fig. 4.
The TRIUMF accelerator and experimental fucilities. The 520 MeV isochmnouy H cyelntron is at
left-venter of the figure. The proton areas are primarity at the left and the meson areas at the ritht of
the cy clntrnn The cxperimental facilities and shirlding will be substantially enhanced during the mid-

1977 improvement program.

Clearly, work on the targets and target-cell components
which have been appreciably exposed to the beam requires
remote handling facilities. At SIN the problem has been
eased by the neighboring reactor institute; thus. target
mechanisms are designed for easy removal and tran-
sported to the reacter facility with shielding casks for hot.
cell  ~k. At LAMPF lacal hot cells are provided and an
iner.asingly sophisticated mobile remote manipulator
welter? s ecolvine fop work dizecriv in the b cedss At
TRIUME special ptu poae rémote munipulator systems are
heing developed: tor exarapte, n service hridge is being
developed which can reisove irmotely any of the rf
resonators in the cyvelotron, Siivilang:, the lead shields
needed for maintenance around the perlpher_\ of the
evelotron vieuum tank can be installed remotely. These
manipulators rely on a digital locating system with video
teedback for pesitional accuracy,

The power consumption at the facilities has become of
interest because of the energy crisis and the ever increas-
ing electrical power costs. Both TRIUMF and SIN are
relatively modest in their energy consumption using 5.6
MW and 6.8 MW respactively. LANMDPF suffers in this
respeet with a 27-MW load for full vperation of the
facility,

in nddition to their primiry purpose of providing in-
tense meson heams all three facilities provide proton
beams (or different purposes, At TRIUME the
sttnutaneons  production of two heams at  different
envrnes has heen successtul in permitting simultaneous

meson experiments and proton experiments. The
TRIUMF heam can he time chopped if desired. TRIULIF
also provides a polarized proton heam of 50 to 50 nA. The
SIN facility has the option ot either polarized or un-
polarized beams; the injector cyclotron runs alone nearly
one-fourth of the time to provide proton beams for low-
energy nuclear physics. The SIN beam can be time chop-
ped at 200 kHz with a 50% duty factor, i desired. At
I AMPE the simuitanecas aceeterarion of Heoand H
beiams permits flexibility i the structure of the H- beam
without compromising meson production. 'The H- beam is
split to serve three arens by stripping; it can be time chop-
ped with 40- or 30-ns separation hetween micropulses. A
polarized beam® should be in operation at LAMPF in the
spring of 1977.

Lifetime and mechanical intensity of meson production
targets® has long been of concern in the design of these
facilities. However, experience shows that this problem
has a variety of solutions up to 100 g A and the difficulties
appear to be tractable nt sub_tantially higher currents,
The high-current experience thus far has been almost en-
tirely nccumulated at SIN and LAMPF. At SIN turgets of
bervihium, carhon and molybdenum are used routinely; at
LAMDPL curbon targets are used exclusively. Cooling is ac-
cumplished by cither radiation cooling or conduction to
some water-cooled structure. NMany ot the radiation-
cooled targets reduce the averape lucal power by slowly
rotating.



The Russia:;i Mesen Factory

The staate tor Nucler Ressaren at Moscow starnad
builibing a we son factory®™ in Qctones i'!" and thev ex-
poect the tire Jmin 1931 t.\i-r::l enery
1x 600 NV oand with a maximum Lu"rrnt S el The
m -\h ne will be a linae ana the ipitic? werailation
provides o7 aone- percent duty factor: the duts tactor will,
evelitually be increased to two. percent dunhline the cur-
rent to Lmi AL H: oand Hodons will be accelerated
simulianeously and eventualiv a polarized beamn may be
added.

Beams are injected into the linac at 750 keV. From 750
keV to 1) MeV a dritt-tube structure will be used with rt
~tabilization nrovided via stabilizing posts in the plane of
the support sterns; the accelerating gradient in -ne drift-
tube accelerator is 1.46 MeV,/m. Between 10 und 600
MeV a 7/2 mode accelerating structure' will be used of
the “disc and washer” family; the bridge coupiers will be
rectangular in cross section. An accelerating gradient of
2.1 MeV/m is used in the high-energy portion of the:
machine. The operating frequency of the drift-tube ac-.
celeraror is 193.2 MHz; the "disk and washer” will run at
4991 MHaz.

The tf system ‘'vill have spare units which can be
switched into service in the event of amplifier failure; this
approach requires six 198.2-MHz aiaplifiers and 31 99a-.
MHz amplifierss A comprehensive computer contrul.
system will he used; conventiotal control is also provided |
cn all systems.

They will use two production targets simuitaneously
which will rotate and be radiation cooled; target material’
will be either Mo or AL;Ov. Remote handling facilities will
be provided for the beam stop, targets, high-current beam'
transport and possibly the switchyard. \

rullienzroy he

Conclusion

Over 15 yeurs have passed since accelerator huilders
first seriously .ansidzred the problem of constructing
meson factories. A large amount of effort, time and money
have been expended in bringing the existing facilities to
the present stage of development. Two of the facilities
have already demounstrated operation at the 100-uA level
aed tha third is net far behind. The success f these has
nrompted the construction of a fourth taciliry whicn
should be in operation within a few years. It certainly ap-

pears plausible that one milliampere should be possible at

both SIN and LAMPF. At TRIUMF the electromagnetic
stripping will probably limit current to the few hundred
microampere level in the long run, Thus, in many ways
the expectations of the builders has been amply fulfilled.
Long-term operation of these fucilities 2t high current
may well introduce new prohlems in radiation dumnage of
targets and heam stops. In any event the maintenance of
these steongly radioactive areas will continue to provide a
continuing challenge to the respective facilities.

The utility of these fucilities to research cannot he,

evaluated with certaint; until the experimental programs
have tlourished for many vears. The situation looks very
promising in the short term since at all of the facilities
they have large and enthusiastic groups of users who are
caper to exploit the new research areas unveiled by these
tacilities. Practical applications of the technology as-
sociated with these devices has already made a substan-
tial impact on human atfairs; an important example is the
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